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1. ABSTRACT

There is a need for a dosimeter which covers the
dose range of Kilorads to Megarads, can be built by
most laboratories and is easily operated. This paper
describes such an equipment which has been designed
using the thermoluminescent properties of beryllia. It
is shown that samg samples of beryllia have an orange
glow curve at 280°C gﬁgh is more intense than the
blue emission at 180 C which is nomally used. The in-
tensity and spectral emission properties have been
used to design a dosimeter based on a solid-state pho-
todetection system. The system was designed primarily
for dosimetry during terrestrial irradiation of elec-
tronic components and equipment intended for satellite
applications. A number of other dosimetry applications
with similar requirements could also benefit fram this
developnent.

2. INTRODUCTION

There is a growing demand for the use of complex
semiconductor devices in systems which are exposed to
ionizing radiation. This demand poses new problems in
the area of satellite design where, due to weight re~
strictions, the sinple expediency of shielding cannot
always provide the solutiml. At present, components
based & MOS technology and microwave transis-
tors are known to be extremely radiation-sensitive
and in practice these are tested on a routine basis.
It is often necessary to irradiate complete equipment
boxes in order to determine the effect of camponent
sensitivity on system performance - especially in the
case of microwave transistors where devioe/%fcuit
interactions are more difficult to predict .

In the space radiation effects comunity, Van de
Graaf machines (0,5 - 2 MeV electrons), gamma emitters
(e.g. Co-60) and X-ray (bremsstrahlung) are camonl)(4)
used for component and equipment level irradiations
Dosimetry techniques for these applications are limi-
ted if a reasonably wide range of cumulative doses is
required. Ideally, for space simulation work, a dosi-
meter should cover the range of 1 Krad (Si) to 1 Mrad
(i) and be small enough to place inside equipment
boxes to measure the radiation field which may be mo—
dified by the surrounding equipment structure. Dosi-
metry based on LiF thermoluminescent devices (TID's)
calibrated against ionisation chambers is the most
commonly used technique for this type of work. LiF
TID's were developed primarily for personnel dosime-
try where doses in the region of m rads (H,0) to radﬁs)
(H,0) are encountered and relatively easily measured
Thére are several disadvantages associated with this
technique which makes it difficult to use on a routine
basis by operators outside the health physics field
who have no specialized training in dosimetry. These
disadvantages are :

(a) Need for specialized TID "readers" comprising pho-
tomultiplier tubes and hi?g)voltage power supplies
to "read" the glow curve ;

{b) Need for complex post-reading annealing cycles ©)
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typically 1 hour heating to 400°C, cool%nq at a
constant rate and 20 hour storage at 80°C;

(c) Bbove several hundred kilorads, LiF suffers radia-
tion damage which reduces( %‘fs sensitivity conside-
rably in subsequent uses typically by two
thirds after 0.2 Mrad.

(d) Due to optical transparency and dose distribtion in
the depth of the crystal, special correction fac-
tors are required to a?g?unt for photons with ener-
gies less than 20 KeV .

(e) Reproducibility between crystals is such that indi-
vidual serialisation and data logging is necessary
if dose accuracies of better than + 20% are re-
quired.

This paper describes a dosimeter which is based on
the thermoluminescence of beryllia and eliminates most
of the above disadvantages. Since the dosimeter is ba-
sed on a new glow curve for beryllia, the latter will
be described first before a detail description of the
solid-state dosimeter itself is given.

3. BERYLLIA GLOW CURVES

Bew lia has been previously studied as a TID ma-
terial because of its greater sensitivity to ioni-
zing radiation and(g ss camplex annealing requirements
conpared with LiF . Past studies have not concentra-
ted on the ’spectrm?g?f the glow curve, but since the
peak was reported in the region of 350 nm, photo-
multiplier TID "readers" similar to those developed
for LiF have been used. The present authors have found
that a number of beryllia samples exhibit a higher tem-
perature peak which is more intense than the blue peak
and, being orange, has the added advantage of being
more easily detectable. Figure 1 shows glow curves for
two beryllia samples which were irradiated with X-rays,
one showing the "normal" blue peak, the other blue and

orange peaks.
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Fig 1. Relative intensities of glow peaks of
beryllia discs after exposure to 50 Krad X-ray.
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Both samples were beryllia discs normally used as heat

sinks on microwave power transistors and the glow cur-

ves were measured on the equipment described in Sec-

tion 4. In a search for more orange samples, it was

found that most showed at least one orange peak and

ore sample with two orange peaks was found. Of those
with orange peaks only 5 out of 25 sanples provided

the intensity required for the simple read out system

described. The heat sinks originated from microwave
power transxstors of European, U.S. and Japanese manu-

facture and

facture and there was o a priori necnOQ(color structu-
re.etc. )by which the glow curve could be determined.

In addition to evaluating beryllia recovered from
microwave transistors, we purchased discs directly
fram two beryllia manufacturers, one batch from Natio-
nal Beryllia Corporation (U.S.) and two batches fram
Consolidated Beryllium (U.K.), all three batches gave
blue emission.

Several beryllia samples having various emission
characteristics from simple blue to blue with intense
Orange were spectrographically analysed to see if im-
purities might be the cause of the orange peak. Fig. 2
shows the results of the analysis together with the

glow curve for each sam

glow curve for each sampie.
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Fig 2. Glow curves and results of mass

spectrographic analysis of various beryllia
samples. Sequence of elements repeats for each
column, Trace elements not shown.

It is apparent that no particular impurity or combina-

tion of impurities is responsible for the orange peak.

Either it is due to a unique combination of same of
the trace impurities or to trapping centers resulting

from mamufacturing methods which may give rise to dif-
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ferent stresses in different samples. It has been sug-
gested by previous authors that the blue peak which

they studied ay be due to an instringic defect in
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a limited supply of beryllia samples to draw fram, a
usable number of dosimeter discs were found. Selection

of samples is a simple matter of irradiating a batch

of beryllia discs to about 500 Krads and observing
the glow curve in a semi-darkened goam when they are

nlaced on a hot nlate at ahout 360
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It is possible that other workers may have used
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samples with orange peaks but since nommal TLD readers

do not allow visual access during read out, this peak
could have been missed. In addition since beryllia is

e 5 the reaion of
known to emit in the blue region of the spectrum, fil-

ters and photamltiplier tubes with S11 phosphor are
used which would almost totally eliminate the orange
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son of the relative responses of the Sl1 phosphor and
the silicon photodetector used in the instrument des-
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cribed in the next Section.
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Fig 3. Comparative response of photomultiplier
S11 phosphor and silicon photodetector.

4, DESCRIPTION OF READ-CUT EQUIPMENT

The read-out equipment has been designed to ex-
ploit the strong orange peak found in the flow curve

of about 20% of the beryllia discs randomly sampled.

One of the design aims of the equipment was to use,
as far as possible, equipment normally available in an
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"‘he read-out equipment is shown schematically in
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Fig 4. Schematic diagram of beryllia dosimeter
read-out equipment.



The beryllia disc (5 mm diameter, 1.5 mm thick) is
placed on the 0.5 mm thick steel heater strip through
which is passed a current of 100 amps. from the SCR
POyer supgly. This current gives a heating rate of
10°C sec ~ which has been found to be optimum for ex-
citing an intense orange peak and allowing a read-out
cycle time of about 1 minute. The light output fram
the surface of the opaque beryllia is guided up a
quartz licht pipe and through an infra-red filter to
the photodetector. Silicon photodetector diodes with
integrated operational amplifiers have been success-
fully used as a detection system but the present
equiprent uses a Tektronix J16 Solid State Photometer.
Using an uncorrected probe type J6504 the J16 gives
an analog output of 7 volts for tge orange peak fram
a beryllia disc exposed to 5 x 10 rads. The analog
output of the J16 is fed to the Y axis of an X-Y re-
corder with the heater strip thermocouple driving the
X axis to produce a glow curve. For routine dosimetry
it is more convenient to take either the digital or
analog output of the J16 andfeed it to a peak detec-
tion and holding instrument. The heater, licht pipe
and photodetector assembly are mounted in a simple
comercially available die-cast instrument box

15 x 10 x 5 cm. The front of the box is retained with
spring latches which ensure adequate light tightness
but allow easy access for placing beryllia discs on
the heater strip.

5. CALIBRATION AND ACCURACY

The equipment described in the previcus section
has been calibrated using a 150 kV bremsstrahlung
X-ray source (tungsten reflection target 0.09 mm Al.
BVL). Figure 5 shows a typical calibration curve with
the peak output fram the detection system as a func-
tion of cumlative dose in rads (Si). The X-ray source
had been previcusly calibrated using LiF TID's to be~
low their damage threshold dose to establish the dose
rate at various working distances. Calibrations for
both blue and orange glow curve are shown in Figure 5
and this demonstrates the difference in sensitivity
for the two peaks.
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Fig 5. Calibration curves for blue and orange
peaks for beryllia discs exhibiting both peaks.

These calibration curves were found to be reproducible
and did not necessitate any more annealing than was
proyided by the 'read-out' cycle of heating to about
350°C followed by a natural cool down to room tempera-
ture. Ten successive exposures of the same disc to the
same noaminal irradiation exposure gave a measured out-

put within + 2%, this being well within the reproduci-
bility of the current-time product for the X-ray sour-
ce. At least 3 of the 5 discs were found to lie on the
same calibration curve within + 5%, the other 2 were
destructively analysed prior to establishment of the
curve., The indications are that further discs present-
1y being recovered from transistors will also follow
the calibration curve. Exposure of two discs to Co-60
gamma radiation gave a measured output within 5% of
each other and with 15% of the dose derived by calcu-
lation by knowing the source strength. No significant
fading of response has been noted after several days
exposure to a normal laboratory ambient, this is an
advantageous feature of the orange peak which, lying
at a high temperature, comes from a deep stable trap.
Such a trap will alsc be free fram spurious response
such as triboluminiscence. An experiment was carried
out using the beryllium window X-ray source and si-
multarieous exposure of beryllia discs and LiF TID's
covered by different thicknesses of aluminium to de-
termine their energy dependence. Figure 6 shows that
the relative response for beryllia closely fce}acjms
that reported for an air ionisation chamber . The
LiF response is also shown for comparison purposes,
the shape of this curve is almost certainly due to

the previously menti?e?d energy dependence of LiF at
low photon energies . In fact the true shape of the
LiF response curve bel?g)ab@at 20 KeV is still very
much under discussion .

00 b

RELATIVE DOSE PERCENT

"0 ‘ 20 30
ADDITIONAL SHIELDING MM AL

Fig 6. Relative response of ionization chamber,
beryllia and LiF TLD100 for X-ray exposure with
aluminium shields. Ionization chamber results
from Ref 10.

6. CONCLUSIONS

It has been shown that many of the dosimetry pro-
blems associated with terrestrial irradiation experi-
ments can be overcome by the use of a simple dosimeter
with an easily realized solid state detection and read
out system.

This is the first reported identification and ex-
ploitation of the high temperature orange peak in the
beryllia glow curve. Using the orange peak for dosime-
try allows the use of easily built read out equipment
giving reproducible results over the range 1 Krad (Si)
to 1 Mrad (Si) without the need for TID annealing cy-
cles and with no fading. There are good indications
that the response is not very energy dependent between
10 KeV and 2 MeV and the system should lend itself to
use in combination with space radiation experiments.
There is presently great interest in the space radia-
tion effects cammunity regarding the calibration and
usage of industrial X-ray inspection equipment as a
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source of ionising radiation @) such equipment lends
itself well to this purpose but with its low effec-
tive energy requires small TLD's exhibiting less ener-
gy dependence than those currently available. The
present beryllia dosimeter with its flatter energy
response previously discussed should £ill this need.

One major disadvantage of the present system at the
monent is that the basic cause for the glow curve used
is unknown. This situation is q“j(g? common in the de-
velopment of any new TID system and should not
deter potential users since our findings indicate that
suitable material exists in sufficient quantity and
can be easily selected. It is hoped that beryllia
manufacturers may be in a better position to determine
the basic reason from the effect and came forward with
procedures to provide samples with consistent beha-
vior.

The authors gratefully acknowledge the support
of Mr. C. Bobery who performed much of the experimen-
tal work and Fulrer Research Institute (U.K.) for the
spectrographic analysis.
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